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KaccC Monoid

HekoTopble annaMKaTUBHbIE (PYHKTOPbI U MOHAAbl ABAAKOTCS,
NOMMMO BCEro npoyero, MoHonaamm (CNNUCKU, Maybe).

class Monoid a where

mempty :: a
mappend :: a -> a -> a
Hanpunmep,

instance Monoid a => Monoid (Maybe a) where
mempty = Nothing
Nothing ‘mappend® m = m
m ‘mappend‘ Nothing = m
Just ml ‘mappend‘ Just m2 = Just (ml ‘mappend‘ m2)



KNacCC Alternative

class Applicative f => Alternative f where
empty :: f a
<I>» :: fa->fa->fa

-- One or more.

some :: f a -> f [a]

some vV = some_v where
many_v = some_v <|> pure []
some_v = (:) <$> v <*> many_v

-- Zero or more.

many :: f a -> f [a]

many v = many_v where
many_v = some_v <|> pure []
some_v = (:) <$> v <*> many_v

infixl 3 <[>



KNacCC Alternative

instance Alternative Maybe where

empty = Nothing
Nothing <|>p = p
Just x <[> _ = Just x

Bo3BpallaeTcAa nepBasd «KHeNnycTasa» M3 BO3MOXHbIX aJibTepHa-
TNB

*Fp10> Nothing <|> (Just 3) <|> (Just 5) <[> Nothing
Just 3



NMapcepbl peryasipHbiX Bblpa>XeHUn: regex-applicative

RE s a — TUMN PEryAaApHOro Bblpa>XeHnsA, paCno3Hakowero CMMBO-

Jibl TUMNA s N BO3BPaAWAOWEro pe3vyJjibTaT TUIA a

psym :: (s -> Bool) -> RE s s
match :: RE s a -> [s] -> Maybe a

*Fp10> match (sym ’a’ <[> sym ’b’) "a"
Just ’a’

*Fp10> match (many $ psym isAlpha) "abc"
Just "abc"

*Fp10> match (many $ psym isAlpha) "123"
Nothing

*Fp10> match (many $ psym isAlpha) ""
Just ""

*Fp10> match (some $ psym isAlpha) ""
Nothing



KnaccC MonadPlus

class Monad m => MonadPlus m where
mzero :: m a
mplus :: ma ->ma ->m a

instance MonadPlus [] where
mzero = []
mplus = (++)

instance MonadPlus Maybe where
mzero = Nothing

XS ‘mplus® = xS

Nothing ‘mplus‘ ys = ys

TN NpeacTaBuTenn MMerT PYHKUMOHANBbHOCTb, aHANOMMNYHYHO

Alternative.



Mcnonb30BaAHWMEe MonadPlus

guard :: (MonadPlus m) => Bool ->m ()
guard True = return ()
guard False = mzero

pythags = do

z <- [1..]
x <- [1..Z]
y <- [x..z]

guard (x~2 + y~2 == z~2)
return (x, y, z)

*Fpl10> take 5 pythags
[(3,4,5),(6,8,10),(5,12,13),(9,12,15),(8,15,17)]



msum
msum =

mfilter ::

MNcnonb30oBaHME MonadPlus (2)

:: MonadPlus m => [m a] -> m a

foldr mplus mzero

MonadPlus m => (a -> Bool) ->ma ->m a

mfilter p ma = do
a <- ma
if p a then return a else mzero
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MoHapna Error

BbldyncneHne, KOToOpoe MOXET BbI3BATb UCKNKOYEHNE.

class Error a where
noMsg :: a
strMsg :: String -> a

class (Monad m) => MonadError e m | m -> e where
throwError :: e -> m a
catchError :: ma -> (e -=>ma) ->m a
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MoHapna Error

instance MonadError (Either e) where
throwError = Left
(Left e) ‘catchError‘ handler = handler e
a ‘catchError¢ = a

cnonb3o0oBaHue

do { actionl; action2; action3 } ‘catchError‘ handler
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CTunnb, OCHOBAHHbLIW HAa Npegade npogosi>xeHui (1)

Mpun ncnonbloBaHnn CPS pe3ynbTaT BblYMCNEHUSA DYHKUMKU HE
BO3BpPALLAETCA, a NepefaéTcsa APYron ddyHKUMK, KOTOpasa Noy-
4aeTCsa UCXOAHOW B KadecTBe napameTpa ("npoaon>keHnsa").

square :: Int -> (Int -> r) ->r
square x k = k § x72

add :: Int -> Int -> (Int ->r) ->r
add x yk=k $§x+y

*Fpl10> square 6 show
n 36 n

*Fpl10> add 3 4 print
7

MocneaHnii apryMmeHT — OYHKUMSA, noaydaroLwlasa ynpasneHue.
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CTunnb, OCHOBAHHbLIW HA Npegade npogosi>xeHui (2)

BblYNCNEHNA KOHCTPYUPYHOTCA KakK MNOCNefoBaTENbHOCTU BIO-
YKEHHbIX CYDO-BblYNCNEHWA

sum_squares :: Int -> Int -> (Int -> 1) ->r
sum_squares x y k =

square x $ \x2 ->

square y $ \y2 ->

add x2 y2 $ \ss ->

k ss

*Fpl10> sum_squares 3 4 print

25

VanobHee odbopMnTb B BUAE MOHaAabl!
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MoHaaa Cont

newtype Cont r a = ...

cont :: ((a ->r) ->r) ->Cont r a
runCont :: Cont r a -> (a ->r) ->r

instance Monad (Cont r) where
return x = cont $ \k -> k x
m >>= f = cont $§ \k -> runCont m
\a -> runCont (f a) k
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Haw npumep B TepMUMHAX Cont

add’ :: Int -> Int -> Cont r Int
add’ x y = return $ x + y

square’ :: Int -> Cont r Int
square’ x = return $ x~2

sum_squares’ :: Int -> Int -> Cont r Int
sum_squares’ x y = do

x2 <- square’ x

y2 <- square’ y

ss <- add’ x2 y2

return ss

*Fp10> runCont (sum_squares’ 3 4) print
25
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dPyHKUUNA caiicc (call-with-current-continuation)

callCC :: ((a ->Cont r b) -> Cont r a) -> Cont r a
callCC $ \k -> ...

k :: a->Contrb

MpocTenwmnm NnpuMep: CpaBHUM

square’ :: Int -> Cont r Int
square’ x = return $§ x~2

square’’ :: Int -> Cont r Int
square’’ x = callCC $ \k -> k $§ x~2
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PYHKUNA calicc (2)

callcC obecne4vymBaeT MeXaHU3M < BbIXOAa NPOAOJI>KEHMNEM», Mpe-

pbiBarOwnmMm BblHNcieHne ¢ HemeaJleHHblIM BO3BPATOM 3HAYEHUA.

foo :: Cont r Int
foo = callCC $ \k -> do

let x = 2
k x
return 5 -- HuUKorma!
roots :: (Double,Double,Double) -> Cont r String

roots (a,b,c) = callCC $ \k -> do
let delta = b"2 - 4 x a *x c
when (delta < 0) $ k "No roots!"
let sqrt_delta = sqrt delta
let x1 = (-b - sqrt_delta) / (2 * a)
let x2 = (-b + sqrt_delta) / (2 * a)
return $ "Roots are " ++ show x1 ++ ", " ++ show x2
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DYHKUUNSA callce (3)

Ha caMoM aene callcc onpeaeneHa B Kjacce

class (Monad m) => MonadCont m where
callCC :: ((a-=>mb) ->ma) ->m a

DK3eMNAsap ANsa (Cont r) NPUMEPHO TAKOW

instance MonadCont (Cont r) where
callCC f = Cont $ \c -> runCont (f (\a -> Cont $ \_ -> c a)) c
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TpaHchopmMmepbl MOHAA: 3HAKOMCTBO

stInteger :: State Integer Integer
stInteger = do modify (+1)

a <- get

return a

stString :: State String String
stString = do modify (++"1")

b <- get

return b

*Fpl1l0> evalState stInteger O
1

*Fpl10> evalState stString "O"
IIOlII

YTO genaTtb €Ccnm XOTuM B OAHOM MOHAAMNYECKOM BblYUNCNAEHUU
paboTaTb C O6OMMUN COCTOAHUAMNT
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TpaHchopmMmepbl MOHAA: 3HAKOMCTBO

Monad transformers are like onions.

stComb :: StateT Integer (StateT String Identity) (Integer, String)
stComb = do modify (+1)

1lift $ modify (++"1")

a <- get

b <- lift $ get

return (a,b)

*Fp10> runIldentity $ evalStateT (evalStateT stComb 0) "O"
(1’u01n)

B kayecTBe OCHOBbl MOMWUMO Identity MCMONb3YIKOT TakK>XXe I0 CO
cneumanmn3npoBaHHOM 1iftI0.
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T paHcHopmMepbl MOHAA,

TpaHcdhopMep MOHAA - KOHCTPYKTOP TUNA, KOTOPbIW NPUHMMA-
eT MOHa4y B Ka4yecTBe napamMeTpa U BO3BpalLlaeT MOHaAy Kak
pe3ynbTaT.

TpeboBaHUA:

1. NOCKONBKY Y MOHaAbl KaHA m : * -> x, Y TpaHcdhopmMepa A0N-
XeH OblTb KAWHA t: (x -> *) -> * -> %

2. Onsa noboit MoHaAbl m, aNNANKAUMA t m AOJIXKHA OblTb MOHa-
[OWi, TO €CTb €8 return U (>>=) OONXKHbl YAOB/ETBOPATbL 3aKOHAM
MOHaA.

3. HY>KeH 1ift :: ma -> t m a, KNOAHUMAIOLLUIN D> 3HAYEHNE U3 TPaAHC-
dhopmMumnpyemonm MoHaabl B TPAHCHOOPMUNPOBAHHYIHO.
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PeuenT NpurotToB/eHns TpaHcdopmepa A1l MyMonad

1. V TpaHchopmMepa A0KEH OblTb KAMHA t: (x -> *) -> * -> x

OnpeapensaemM Hall KOHKPETHbIN TpaHCHOPMEP MyMonadT ANA MO-

Habl MyMonad

newtype MyMonadT m a = MyMonadT { runMyMonadT :: m (MyMonad a) }
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PeuenT NpurotToB/eHns TpaHcdopmepa A1l MyMonad

2. Ona nroboii MOHAAbl m, aNNANKAUMA t m OJI>KHA ObITb MOHAAOM

JenaemM annankKaunko Hawero TpaHcdhopmepa K MOHaae (MyMonadT m)
npeaCTaBUTENEM Monad

instance (Monad m) => Monad (MyMonadT m) where
return x = .
mx (>>=) k = ...
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PeuenT NpurotToB/eHns TpaHcdopmepa A1l MyMonad

3. Onepaunsa 1ift :: ma -> t m a N3 class MonadTrans

Jenaem Hawl TpaHcdoOpMep MyMonadT NPEACTABUTENEM MonadTrans:

class MonadTrans t where
lift :: (Monad m) => m a -> t m a

instance MonadTrans MyMonadT where
lift mx = ...
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TpaHchopmMep ONSA Maybe

newtype MaybeT m a = MaybeT { runMaybeT :: m (Maybe a) }

instance (Monad m) => Monad (MaybeT m) where
fail _ = MaybeT (return Nothing)
return = 1lift . return
x >>= f = MaybeT $ do
v <- runMaybeT x
case v of
Nothing -> return Nothing

Just y -> runMaybeT (f y)

instance MonadTrans MaybeT where
lift = MaybeT . 1iftM Just
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Tabnnua CTaHAApPTHbLIX TpaHCchoOpMepoB

MoHaga | TpaHcdhopmep | cxoanbih Tun | Tun TpaHcdhopmepa
Error ErrorT Either e a m (Either e a)

State StateT s -> (a,s) s ->m (a,s)

Reader ReaderT r -> a r ->ma

Writer WriterT (a,w) m (a,w)

Cont ContT (a->r) ->r (a->mr) ->mr

OHWN onpeaeneHbl B 6ubnnotexke mtl. Bonee TOoro, nepBbli CTON-
Oeu onpenenéH 4yepes BTOPOW:

type State s = StateT s Identity

type Cont r

= ContT r Identity
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YTO BO 4TO BKJ1aAablBaTb?

Ecav HaM HY>XXHA DYHKLUNOHANBHOCTb Error U State, TO €CTb Halla
MOHaAa AO/IXKHA 6blTb NpeAcCTaBUTENIeM MonadError M MonadState.

JOMKHbBI I Mbl NPUMEHATL TPpaHCOPMeEpP StateT K MOHAAE Error
NN TPaAaHCAHOPMEP ErrorT K MOHAAE State?

PewleHne 3aBUCUT OT TOro, Kakol B TOYHOCTU CEMAHTUKU Mbl
OXXNAAEM OT KOMOUHUPOBAHHOW MOHaAbI.
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4YTO BO 4TO BKJIAAbIBAaTb? (2)

[MpMeHeHne StateT K MOHAAE Error AOAET TPAHCHOPMUPYHOLLYHO
DYHKUNKO TUNA s -> Error e (a,s).

[MpMEeHEHNE ErrorT K MOHAAE State AAET TPAHCHOPMUPYHOLLYHO
DYHKUNKO TUNA s -> (Error e a,s).

MopsafoK 3aBUCUT OT TOW PONU, KOTOPYHO OLWKNBKa UrpaeT B Bbl-
YUCNEeHNAX.

Ecanm owmnbka obo3HavaeT, YHTO COCTOAHMNE HE MOXET OblTb Bbl-
YNCNEHO, TO HAaM cneayeT NMPUMEHSATL StateT K Error.

Ecan ownbka obo3HayvaeT, 4HTO 3Ha4YeHneHEe HE MOXXET ObITb Bbl-
YUCNEHO, HO COCTOAHME NMPU OTOM HE KMOPTUTCHA», TO HAM Che-
AYyeT NMPUMEHATDL ErrorT K State.
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